The activity expansion equation which expresses the solute concentration as a series expansion of the activities of the solute species is used to reach a reformulation of the mean activity coefficient of a binary symmetrical electrolyte in solution. The result is displayed as the product of a shortrange term and a long-range term f+ = f~-.fL +, from which a straightforward derivation of the Bjerrum treatment is obtained. The analogy with an equ&alent formulation for the molar conductance coefficient which results from the application of the echo-effect is emphasized. A simple formulation of the ion pair distribution function is proposed which is particularly powerful for ionic systems involving strong interactions. It is shown that the variable which controls the excess transport and thermodynamic quantities is not
INTRODUCTION
The contributions of Wood et al. (1) have renewed interest in the Mayer activity expansion for the evaluation of the excess thermodynamic properties of chemically reacting species. They showed in particular that the numerical efficiency of such activity expansions is, in case of strong interactions, much greater than the more commonly used virial concentration expansions. This was shown by a variety of examples dealing with uncharged molecular entities in the gas phase and in solution. They also attacked the problem of ionic systems. However, a mathematical difficulty arises: the integrals of the activity expansion 1Dedicated to Johannes Coetzee on the occasion of his 65th Birthday. diverge. Wood and his coworkers offered a daring proposition to circumvent this divergency. Besides using an ion pair formulation they substituted the activity in lieu of the concentration in the DebyeHtickel limiting law for activity coefficients. This new formula seems to present definite advantages for the case of electrolytes of higher charge in aqueous solutions. Nevertheless, this proposal was recognized by Wood et al. as a guess, based on an analogy of formulation with the activity expansion Oust as the Bjerrum formulation of the ionic association concept is based on a chemical analogy). In order to give this proposition a fundamental basis one must try to prove that, beyond the original Debye-Htickel limiting law, for the case of dilute solutions involving strong cation-anion interactions, this proposition is asymptotically exact in the same sense that the original limiting law of Debye and Htickel is asymptotically exact at vanishing concentrations, or, as we shall see below, that the Bjerrum law is asymptotically exact both at high dilutions and for strong anion-cation Coulombic or chemical interactions.
The purpose of this contribution is to show how the activity expansion equations can be used for electrolyte solutions in spite of the divergencies mentioned above, to test how far the Wood et al. formulation is correct and eventually to propose a quantitative altemative. Finally, it is hoped that the result can become a starting point for further developments by pointing out how specific problems encountered for electrolyte solutions should be treated separately, each one with its own approach, instead of searching for a global solution which so far has proved to be rather limited when strong ionic interactions are involved.
SURVEY OF THE ACTIVITY EXPANSION FORMULATION
The basic formulation consists in a set of N equations which explicitly express the concentration Ci of.each of the N solute species as a power series function of the activity of each of the solute species present in the solution. For the concentration of species i, the corresponding equation reads
where ai is the activity of species i in the solution. The index n denotes the total number of solute particles in the clusters of increasing complexity; for instance, n = 2 stands for all the possible different assemblies of two ions which for a binary electrolyte reduce to ++, --, +-and -+, the number ni is the number of ions of type i in a cluster (for in-
